TGF-beta1 induces cardiac hypertrophic responses via PKC-dependent ATF-2 activation.
Several reports have suggested that the TAK1-MKK3/6-p38MAPK signaling axis is important for TGF-beta-related cardiac hypertrophy. Despite this, the effects of exogenous TGF-beta on cardiac hypertrophy and associated signaling mechanisms have not been demonstrated directly. Moreover, the roles of the signaling mechanisms involved in cardiac hypertrophy (TAK1 upstream and p38MAPK downstream) remain unclear. In this study, we investigated the potential involvement of protein kinase C and activating transcription factor-2 in TGF-beta1-induced cardiac hypertrophic responses in cultured neonatal rat ventricular cardiomyocytes. TGF-beta1 treatment resulted in upregulation of mRNA expression or promoter activities of beta-myosin heavy chain, atrial natriuretic factor, and brain natriuretic peptide, and increased myocyte protein content, cell size, and sarcomeric organization. These are all characteristic hallmarks of cardiac hypertrophy. PKC was found to be involved throughout the signaling system, and it was shown that it acts by mediating upstream TAK1 activation and leads to ATF-2 activation. PKC-dependent ATF-2 activation was shown to be involved in TGF-beta1-induced cardiac hypertrophic responses. The PKC inhibitors, GO6976 and GF109203X, completely blocked TGF-beta1-induced TAK1 kinase activity and subsequent downstream signaling pathways including ATF-2 phosphorylation, leading to suppression of ATF-2 transcriptional activity. This inhibitory effect was reflected in cardiac hypertrophic responses such as inhibitions of beta-MHC gene induction and ANF promoter activity. Our results suggest that PKC is involved in TGF-beta1-induced cardiac hypertrophic responses in our cell culture system and that ATF-2 activation plays a role.